














1.0 EXECU%VE SUMMARY 

Radian was contracted by The U.S. Envirc 

Emissions Measurement Branch, to conduct Volatile Or 

emissions testing at four commercial bakeries. This test 

the Site 4 test program. Tests were conducted on a vari 

different product types. The test procedures used were 

Testing Method 25A for VOCs and Method 18 for met1 

determinations. Method 25A was used to quantify total 

18 was employed to quantify methane and two of the m 

(acetaldehyde and ethanol) in the bakery emission strea 

using U.S. EPA Methods 1-4 and were used to calculate 

stream components. 

As a part of the test program, process con4 

separate U.S. EPA contractor. Research Triangle InstitL 

such as product type, production rates, yeast concentratic 

This report will only present the emissions data collectec 

any process information. A separate report completed b 

emission values presented in this report with the specific 

Two sets of emission data were calculated. 

ethanol emissions calculated using the Method 25A and 

(Ethanol concentrations typically made up over 98% of t 

acetaldehyde concentrations). The second data set press 

and acetaldehyde calculated from the Method 25A and t 

acetaldehyde test results. 

VOC as ethanol emissions were determine 

concentrations of THC over the respective test period. I 
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te (RTI) monitored parameters 

n, proofing time and others. 

by Radian and will not include 

r RTI will incorporate the 

bakery process information. 

The first set presents VOC as 

Method 18 methane test results. 

le total ethanol and 

nts emission rates of ethanol 

le Method 18 ethanol and 

1 by first averaging 

ion-methane hydrocarbon 



concentrations were then determined by removing the methane concentration from the 

THC values. VOC as ethanol concentrations were determined by dividing the 

non-methane hydrocarbon concentration by the ethanol carbon equivalent correction 

factor (CECF). The CECF was empirically determined during and following the test 

program. The VOC as ethanol concentrations were then multiplied by the respective 

stack gas flow rates to determine VOC as ethanol emission rates. 

Separate emissions rates of ethanol and acetaldehyde were calculated using 

both the Method 25A THC and Method 18 test results. The average ethanol-to-THC 

ratio was multiplied times the average THC concentration to determine an average 

ethanol concentration and formulate a larger averaging data base within the testing time 

period. Average acetaldehyde concentrations were calculated in the same manner. This 

procedure assumed that the proportion of ethanol to THC and acetaldehyde. to THC 

remained constant throughout the test period. This assumption did not prove always to 

be true; however, concentrations determined in this manner were very similar to 

concentrations determined by averaging the Method 18 results alone. Results from both 

calculation methods are presented. Ethanol and acetaldehyde emission rates were then 

calculated by multiplying the average concentrations by the stack gas flow rates. 

1.1 VOC as Ethanol Emissions 

Site 4 emission rates varied from 12.7 - 30.5 lbs/hr for the Bread oven to 2.05 - 2.7 

lbs/hr for the Bun oven. A complete listing of all test results is given in Section 3.0 and 

in the attached Appendices. 
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1.2 Ethanol -and Acetaldehvde Emissions 

The Site 4 ethanol emissions were 24.8 - 53.1 lbs/hr fc 

lbs/hr for the Bun oven. The corresponding acetaldehy 

lbs/hr for the Bread oven and 0.7 - 0.09 for the Bun ow 

1.3 Data Oualitv Assurance 

The majority of reference method QA act 

this test program. There were 10 days of testing using t 

system days). Method 25A daily calibration drift did no 

nineteen of the twenty system days. The Site 1, Day 1 1 

calibration drift of 3.2%; therefore, the drift was correct 

between the initial and final calibration. Over 150 Meth 

were performed during the test program. The majority c 

met the Method 25A criterion of 25% of the gas cancer 

bias checks, as well as 0, leak checks were also completl 

Method 18 QA/QC procedures were also 1 

calibrations were performed. Calibrations for ethanol ar 

completed using 3 to 5 calibration points. Multi-point cz 

on methane for Site 4 Test Days 1 and 2. On these day: 

used on higher methane values. This procedure was not 

Sample bias checks were routinely conduct 

system and the majority verified acceptable non-biased s, 

revealed sample bias caused by the loss of heat in the hc 

the gas chromatograph (GC). These data points were in 

discontinued until the problem was remedied and a suco 

completed. More is discussed on this matter in Section I 
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1.4 Recomm&dations for Further Work 

Further work is recommended to further characterize bakery emissions and 

to improve the test method. Compounds other than ethanol and acetaldehyde were not 

detected by the Method 18 analyses. However, trace (< 10 ppmv) levels of other 

compounds may be present in the bakery stream and although these compounds would 

not be expected to increase VOC emission rates, it would be interesting to identify them. 

Another area which could be further examined is the comparison of 

Method 18 GC results to the Method 25A THC results. It was expected that the 

concentration of THC detected by the Method 25A analyzer would exceed the 

concentrations of the three targeted VOC compounds. However, throughout this test 

program, a higher concentration of compounds was determined by the GC than by the 

THC monitor. Comparisons were made by first correcting concentrations of each 

compound determined from the GC analysis from parts per million by volume (ppmv) to 

ppmv as Carbon (ppmC). This was done using the previously mentioned CECF of 1.42 

for ethanol, 1.23 for acetaldehyde, and 1 for methane. The sum of the three corrected 

GC concentrations were then divided by the T’HC concentration. Typically, comparisons 

resulted in values of 120-140% of GC vs THC values. This error may be a result of 

inaccuracy in the CECF as it was applied to the sample gas matrix. Matrix effects may 

have somehow lowered the THC response (CECF) for ethanol as compared to the 

ethanol response in a dry, nitrogen calibration gas. Further work examining this Method 

18 and Method 25A results comparison could be examined. 
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2.0 INTRODUCTION 

2.1 Overview 

The U.S. Environmental Protection Agenc 

to develop an alternative control technique (ACT) guid: 

Volatile Organic Carbon (VOC) emissions from comme 

has also been expressed in recalculating the AP-42l emi 

emissions. Ethanol (C,H,OH) is the primary pollutant 

bakeries.2 Ethanol along with Carbon Dioxide (CO,) is 

metabolic process. Previous test data from bakeries has 

acetaldehyde (CH,CH0).2 Therefore, in conjunction wi 

document and new AP-42 emission factors, the U.S. EPr 

Corporation to perform emissions testing of several corn 

gather the necessary background emissions data. This xx 

the U.S. EPA Bakeries test program for Site 4. 

The test procedures used were the U.S. EI 

Method 25A for VOCs and Method 18 for methane, eth 

determinations. MeLllod 25A was used to quantify total 

18 was employed to quantify methane and two of the mt 

(acetaldehyde and ethanol) in the bakery emission stream 

procedures, the VOC emissions were fully characterized. 

As a part of this data gathering phase, U.S EPA contracted Research 

Triangle Institute (RTI) to monitor the baking process p irameters during the emissions 

‘Compilation of Air Pollutant Emission Factors, Secl ion 6.13, U.S. EPA (1972). 

2Background Documentation for M-42, Section 6.13 
(1972). 
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Site 4/CRP 2-l 

7 (U.S. EPA) has been requested 

.nce document for controlling 

-cial baking operations. Interest 

iion factors for bakery VOC 

&ted from commercial 

jroduced during the yeast 

also revealed the presence of 

h the development of an ACT 

- L has contracted Radian 

nercial bakeries in order to 

port will present the results of 

A Stationary Source Testing 

lnol and acetaldehyde 

lydrocarbons (THC). Method 

st prevalent VOC compounds 

1. By combining both 



tests. Items such as dough mixing process, fermentation (proofing) time, yeast 

concentration, production rates and others were monitored. However, this report will 

only present emissions data, that will be used with the process and production rate data 

to develop emission factors that will be presented in a separate document. 

2.2 Test Objectives 

The objectives of this test program was to determine VOC emission rates 

as well as ethanol and acetaldehyde emission rates. The data could then be used to 

determine of which air pollution control techniques would be effective for the bakery 

industry. As discussed above, it was also desirable to correlate the emissions data with 

process data to update and/or verify the emission factors for commercial bakeries. 

2.3 Test Methods 

Because each oven had at least two stacks, concentrations of THC were 

continuously and simultaneously monitored on each stack using two THC continuous 

emissions monitoring systems (CEMS). The THC data was typically recorded on every 

10 seconds a computer disk. The resulting THC data were then averaged over each 

period of time corresponding to a distinct segment of the process operation (i.e., 30 

minute sandwich bread baking process). Methane, ethanol and acetaldehyde 

concentrations were measured semi-continuously using discrete analyses by a Gas 

Chromatograph/Flame Ionization Detector (GC/FID). One GC/FID analyzer was used 

for this test program. One analysis of methane, acetaldehyde, and ethanol could be 

completed every 10 minutes; therefore, a full oven characterization could be completed 

every 20 minutes (2 stacks per oven). 

Method 25A and Method 18 required extracting a sample stream of the gas 

from the stack through a heated Teflon@ tube. A portion of the sample was directed to 

a THC analyzer which quantified THC on a real-time basis by a Flame Ionization 
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Detector (FID). The %‘HC analyzer processes uncon 

concentrations are characterized ppmv, on a wet basis. 

stream was directed to the Method 18 gas chromate 

individual hydrocarbons which were quantified with 

1 gas samples; therefore, 

portion of the remaining gas 

The GC column separated 

Gas flow rate was determined by usin . EPA Method 2. This 

method called for measuring the velocity of the gas st m and by multiplying it by the 

stack cross-sectional area, a volumetric flow rate was rmined. Method 2 also called 

for point location determination to be made by Me 2 and 0, concentrations by 

Method 3 and moisture content by Method 4. 

2.4 Data Reduction 

As previously discussed, two sets of e were calculated. The 

first set presents VOC as ethanol emissions calcula Method 25A and the 

Method 18 methane test results. The second data set sents emission rates of ethanol 

and acetaldehyde calculated from the Method 25A and e Method 18 ethanol and 

acetaldehyde test results. The data reduction methods d are summarized in the 

following paragraphs. 

Method 25A requires THC data to b units of parts per million 

as Carbon (ppmC). Preliminary THC concentrati ppmv a the calibration 

compound (i.e., propane) are multiplied by that r ound’s carbon equivalent 

correction factor (CECF) to correct the units to ppmC. e CECF for methane, ethane 

and propane are 1, 2 and 3, respectively. For example, e Method 25A monitor was 

calibrated with propane, all resulting concentrations w be multiplied by the propane 

CECF of 3 to correct the concentration from ppmv as ane to ppmC. The THC 

values can be converted to ppmv of the compound of i rest if 1) the specific CECF is 

known, and 2) the compound proportion of THC this test program, the 

THC monitors were calibrated with methane whi of 1, so the resulting 
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THC data was already-in units of pprnC. However, correcting the THC concentration to 

VOC as ethanol concentration did require dividing the average non-methane THC 

concentration by the ethanol CECF. This process assumed that the non-methane 

hydrocarbons were made up entirely of ethanol. The resulting VOC as ethanol 

concentrations were then multiplied by the stack gas flow rates in order to determine 

VOC as ethanol emission rates. 

Ethanol and acetaldehyde emissions were also calculated. Average ethanol 

and acetaldehyde concentrations were calculated by averaging the multiple Method 18 

analytical results. However, only three Method 18 data points (per compound) were 

typically acquired per hour. In order to increase the number of data points in a given 

time period, the continuous Method 25A data was also used. An average 

ethanol-to-THC proportion from the above three analyses was calculated and then 

multiplied by the average THC value to calculate an average ethanol concentration. 

This method assumes that the ethanol-to-THC proportion is constant throughout the test 

run. Acetaldehyde calculations were performed in the same manner. 

All data reduction procedures are fully explained in Section 7.0 

2.5 ReDort Organization 

A summary of the test results is presented in Section 3, a description of 

typical Oven Configurations and Sampling Locations is given in Section 4, and Sampling 

and Analytical Procedures are discussed in Section 5. Quality Assurance (QA) is 

presented in Section 6, and Data Reduction Procedures in Section 7. All field data and 

supporting calculations are included in the Appendices. 
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3.0 EMISSI6NS RESULTS SUMMARY 

This section will present the final results r the U.S. EPA Bakery Site 4 

emissions test program. All raw data and calculations e included in the Appendices. 

3.1 Test Program Summary 

Four test sites were tested using Method 

Method 18 for methane, ethane, ethanol and 

determinations. One of the test objectives was to quanti the VOC emissions which 

represent only the photochemically reactive 

compounds such as methane and ethane are subtracted om the THC concentrations for 

determining VOC concentrations. The 

report were calculated by assuming that 

the Method 25A tests were comprised of ethanol. as consistently observed at all 

four test sites as ethanol concentrations determined fro the Method 18 analyses 

typically made up over 98% of the total 

VOCS). 

In Section 3, two sets of emissions data arc: given. The first data set 

presents emissions of VOC as ethanol as discussed above. The VOC concentration as 

ethanol was calculated by dividing the non-methane hydr xarbon concentration in units 

of ppmC by the ethanol THC Carbon Equivalent Correcion Factor. The CECF was- 

determined by observing the response of the THC analyzer to known concentrations of 

ethanol. The second data set presents emissions of etharol and acetaldehyde emissions 

determined from the Method 18 ethanol and acetaldehyde results and the THC results. 

Emissions were calculated by multiplying the respective slack gas concentrations by the 

stack gas flow rate by the methods discussed above. All xlculations are shown in 

Section 7.0. 
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Methane-concentrations were higher than expected during the test program 

which did not allow for the resolution of the ethane GC peak at three of the test sites. 

However, ethane concentrations were expected to be fairly low and so the error in 

determining VOC is expected to be minimal. 

The emissions of both direct- and indirect-fired ovens were measured (see 

Section 4.1.2) while baking a variety of bakery products. Production rate is the most 

critical factor related to the quantity of bakery VOC emissions. However, as discussed in 

the previous section, no product information or process data will be given in this report. 

The general category of ovens tested will be identified, differentiating direct-fired from 

indirect-fired and bread from bun ovens. 

Thirty test runs were conducted for a typical sample period of 1 hour. 

Some of the runs were shorter than an hour due to the stoppage of the product being 

baked. Emissions was measured from only a single product at one time. Time periods 

when the ovens were in transient conditions, either from start up/shut down occurrences 

or from product changes or gaps in the product feed, were not included in the reported 

data base. However, all of the field data is included in the Appendices. 

A general description of the commercial baking process and bakery ovens 

along with the types of ovens tested at each test site is given in Section 4. A total of two 

or three stacks were tested simultaneously from each oven. The total oven emissions 

were calculated by totaling the emissions from each of the stacks. Emissions from 

comfort hood stacks (see Figure 4-l) were not originally intended to be tested. 

However, it was noticed during the Site 2 test program that these emissions represented 

a significant portion of the total oven emission rates and from that point on, comfort 

hood emissions were tested. 
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3.2 Site 4 T&t Results 

A large bread oven and a small bun ove tested at Site 4. The bread 

oven was tested for 3 days and the bun oven was tested the fourth day. The bread 

oven was a direct-fired unit with four stacks; however, of the stacks that was located 

longitudinally in center of the oven was a propane bu ck strictly used for oven 

startup conditions. This stack was not tested and the 

temperature in this stack was verified on-site. The ot e stacks were a front, rear, 

and a comfort hood stack. The comfort hood stack urement location met the 

US. EPA Method 1 guidelines. 

The Site 4 Bun oven was a direct-fire two stacks. The front 

stack had minimal flow similar to the exhauster sta te 3 bun oven., The other 

unusual item with the front stack was that the gas els were approximately 

30% by volume (%v). This was due to the fact th en was operated with a 

small amount of steam (-5 psi) injected near the fron ante to give the buns a crisp 

crust. All other stacks tested had moisture levels appr ately 56%~. The flow rate 

and moisture content in the rear stack appeared to be ical at approximately 100 acfm 

and 3%v, respectively. 

3.2.1 Site 4 Test Log 

Nine emissions tests were conducted 

Runs 22 - 28 were conducted on the Bread oven 

the Bun oven. Table 3-l presents a summary of 

rough July 2, 1992. 

d 30 were conducted on 

3.2.2 .Site 4 VOC as Ethanol Emksions 

Table 3-2 presents the VOC as et 

THC concentrations (including methane) as we 
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removing the methane-concentrations from the THC values (ppmC/wet). 

Concentrations of VOCs are also given in ppmv as ethanol, calculated as discussed 

above. Emission rates from each stack are calculated from the VOC as ethanol 

concentrations. The total oven VOC emissions are then calculated by totaling the 

emissions from both vent stacks. 

3.23 Site 4 Ethanol and Acetaldehyde Emission Test Results 

Table 3-3 presents the emission rates and concentrations of ethanol and 

acetaldehyde in two ways. The first method reports the ethanol concentration 

determiued by averaging the results of the Method 18 analyses. The second method 

multiplies the average ethanol-to-THC ratio by the average THC value to determine 

average ethanol concentrations. The second method assumes a constant ethanol-to-THC- 

proportion and by using the continuous THC data base (THC values every minute), 

incorporates a much larger data base for averaging. Ethanol emissions are calculated 

from concentrations determined by both methods. However, the total oven emissions 

were determined from concentrations using the THC data. Acetaldehyde values were 

calculated similarly. All data reduction procedures is given in Section 7. 

32.4 Site 4 Method 2!3A and Method 18 Results 

This section presents the results from the Method 18 analyses. The 

Method 25A THC concentrations are given for same time period that the GC injections 

were made. Typically, three injections were made during a test run at a specific sample 

location. The concentrations were then averaged. Some GC injections were made that 

did not fall into the test run time-frame. Results from these analyses are presented in 

the tables but are not included in the averages. Ethanol-to-THC and 

acetaldehyde-to-THC ratios were calculated for each injection as well. The ethanol and 

acetaldehyde values were not corrected to ppmC for this calculation; therefore, these 
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values cannot be considered volumetric proportions of the THC stream. Their purpose 

was to be multiplied by the average THC value to calculate average methane, ethanol, 

and acetaldehyde concentrations. This allowed ethanol and acetaldehyde concentrations 

to be calculated without incorporating the additional methane analysis. 

Finally, a comparison of the total concentration of the three target 

compounds detected by the GC was made with the THC values for each discrete 

injection. This parameter is not required by the reference method QA procedures, but it 

was originally thought to be an indication what proportion of THC the three target 

compounds represented. It was expected that the sum of the GC concentrations would 

be somewhat lower that the total THC concentration taking into account trace 

concentrations of organics in the gas stream that were not detected by the GC analyses. 

However, this comparison may not be sufficiently accurate. The average ratio is 

calculated 7 - follows: 

-1 N % 
Gc 

( 1 
c i=l THci - = x loo 

THC N 

where: 

THCi 

N 

= THC concentrations determined from the 
Method 25A monitor at the same time as the 
GC injection (ppmC) 

= Number of GC injectors in the time period. 
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The units from the GC analyses have to be corrected to 

concentrations (ppmC) as follows: 

Gc, = lP”Wi + [AAli + 

1.42 1.23 

where: 

[ETOH], 

1.42 

fAAli 

1.23 

icH41i 

Ethanol cancer 
GC analysis (p 

Ethanol THC ( 
Factor (empiric 

Acetaldehyde ( 
single GC anal 

Acetaldehyde ‘: 
Correction Fat 

Methane conce 
single GC anal 
NOTE: Then 

The CECFs used for this test program were determined 

with known, certified concentrations of ethanol and acet 

response. For example, if a 200 ppmv ethanol gas stand 

THC, then the ethanol CECF was 1.5. The CECFs wer 

range of concentrations observed during the test program 

whether the TI-IC analyzer responded to the ethanol in 

same (quantitatively) as to ethanol in a clean, dry calibr 

moisture levels and 0, levels were different than the ca: 

balance). The unexpected high GC/TI-IC ratios (> lO( 

variability in the actual sample CECF. Tables 3-4 and 

Method 18 analytical results from the oven stacks and b 
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The Site 4 Method 25A and Method 18 results are presented graphically 

for Runs 22-30 in Figures 3-l through 3-9, respectively. Method 18 concentrations have 

been corrected to ppmC for these plots. 

325 Site 4 Stack Gas Flow Rates 

Table 3-6 present the stack gas flow rates determined for the Site 2 oven 

stacks. Flows were not corrected to a dry basis since Method 25A and 18 concentrations 

were determined on a wet basis and emissions calculations required both flows and 

concentrations be consistently on the same basis (wet or dry). Moisture content values 

are included in the Appendix. 

33 Carbon Euuivalent Correction Factor Determination 

Table 3-7 presents the ethanol carbon equivalent correction factor 

(CECF) determination. As discussed before, the CECF is the relative response of the 

THC analyzer in units of ppmC to known concentrations of ethanol. The CECF was 

determined for both ethanol and acetaldehyde by observing the response of the THC 

analyzer in units of ppmC to known gas concentrations of the two target compounds. 

The observed response was divided by the known concentration to determine the CECF 

value. This was done both in the field and in the laboratory. Ethanol challenges were 

made in the field at only one concentration (typically 200 ppmv); therefore, it was 

decided to develop the ethanol CECF over a much wider range of concentrations that 

were encountered in the field. The CECF value used for this test program was 

determined in the laboratory using a wide range of ethanol concentration. The average 

CECF for ethanol was determined to be 1.42. The on-site ethanol QC challenges are 

presented in Section 6.0. 
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Table 3-8 presents the acetaldehyde CECF determination. This procedure 

was performed in the field with a single concentration of acetaldehyde. Only relatively 

low sample concentrations were observed during the test program (c 50 ppmv); 

therefore, extensive CECF development did not need to be completed. The 

acetaldehyde CECF used for this test program was 1.23. 
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4.0 OVEN C-ONFIGURATIONS AND SAMPLI 

I 

G LOCATIONS 

This section presents a general discussion o the oven stack locations, 

sampling port locations, and flow traverse point locations Specific information is given 

for the Site 4 test program. The U.S. EPA Method 1 gu elines were used to determine 

the majority of test locations measuring gas flow rates. ethod 25A and 18 samples 

were taken from the same port that the flow measureme ts were made. The sample 

I 

point was located near the centroid of the duct (centrally located 10% area of the stack 

cross-section). All locations were at least 2 diameters up tream from the gas discharge 

to the atmosphere as required in Method 25A. 

4.1 General Process DescriDtion 

The following sections present a general description of the baking process 

and commercial baking ovens. It is not within the scope of this document to present 

detailed process information or production rates; therefo:*e, these descriptions are only 

meant to familiarize the reader of the general principles and equipment used in the 

commercial baking industry. 

4.1.1 Baking Process Description’ 

Bread baking at large commercial bread bakeries is a highly-mechanized 

process consisting of high-speed production lines with ovens capable of baking 

20,000 pounds or more of bread per hour. The process starts with the mixing of flour, 

water, sugar, and yeast to form dough, thereby initiating ,a long series of complex 

biochemical changes which ends in the oven where the b.read is baked. 

I 
1 Compilation of Air Pollutant Emission Factors (AP- 2), Chapter 13.01, Bread Baking 

(Final Draft 1991) 
I 
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There are four basic types of dough mixing processes: sponge dough, 

straight dough, brew, and continuous mix (“no-time”). These processes vary in the 

manner in which the various dough ingredients are mixed which determines the 

fermentation time available. Fermentation time can vary from 20 minutes or less for the 

continuous mix or “no-time” process, to 5 hours or more in the sponge dough process. 

The continuous mix or “no-time” process consists of r-nixing all of the dough ingredients 

at the same time; therefore, the fermentation time is minimized by using processing 

agents and higher temperatures. Sponge dough is formed when two-thirds of the flour, 

part of the water and the yeast are initially mixed and allowed to ferment before the 

remaining ingredients are added. 

The baking process actually occurs in the oven which causes expansion of 

the loaf to final volume, crust formation, yeast and enzymatic activity inactivation, 

coagulation of dough proteins, partial gelatinization of starch, and reduction of loaf 

moisture. All of these processes are necessary to produce high quality, saleable bread 

products. To accomplish all of these product and process effects in the proper sequence, 

commercial bread ovens have between three and eight temperature gradient zones which 

are maintained in critical balance. Oven rise, which determines the final loaf volume 

and internal texture, occurs during the first 5-6 minutes of baking. Thermal degradation 

of the yeast occurs when the internal bread temperature reaches 140-145 o F which stops 

the fermentation process. Protein is denatured between 140-180” F. At the end of the 

process, browning and crust color develop while ethanol and moisture are evaporated to 

cool the loaf and prevent the internal temperature from reaching the boiling point of 

water.2 

2J. W. Stitley, Bakinp Technology. Oven Emissions and Control Devices, American 
Institute of Baking; Manhattan, KS (1986). 
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There are three fundamental oven types: unnel, tray, and spiral. Tunnel 

ovens, as shown in Figure 4-l are long horizontal ovens where dough enters at one end 

and is conveyed to the opposite end where it exits as br::ad. Tray ovens as shown in 

Figure 4-2 are also horizonal; however, the dough enter: the oven and exits on the same 

side after being conveyed the length of the oven. The tray is lowered to a second level 

and then conveyed to the exit near where it entered. In spiral ovens, dough enters at the 

top corner of the oven and is conveyed in a downward s>iral to the bottom corner of the 

oven where it exits through an opening diagonally lower from where it entered the oven. 

No spiral ovens were tested during this test program. Tunnel and tray ovens typically 

contain three to five exhaust stacks with one stack typically used for purging the oven of 

natural gas during ignition and the remaining stacks used during normal baking 

operations. In contrast, spiral ovens usually contain just one stack which is used during 

both purging and normal operations.3 

4.1.2 Oven Heating Systems4 

Ovens may be divided into two general ca:egories according to the manner 

in which they are heated, namely, direct-fired ovens and indirect-fired ovens. A third 

category makes use of semi-direct heating. In direct-fired ovens, the burners are located 

directly within the baking chamber and are usually ribbon type and burn natural gas. 

Modern ovens normally feature banks of ribbon burners located both above and below 

the baking surface, across the path of travel of the bakirg trays or oven band. Most such 

ovens are equipped with an external forced-air agitation system to augment the naturally 

formed convection currents within the baking chamber. 

3BAAQMD Staff Report Supporting Adoption of Rule 8-42 (July 1988). 

4 The Science of Baking, Lesson 26 Bakery Ovens, American Institute of Baking (no 
date) 
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In indirect-fired ovens, the combustion chamber is isolated from the baking 

chamber. The heat is transferred from the hot combustion gases to the baking chamber 

by means of flues or radiator tubes. In these ovens, the products of combustion do not 

enter the baking chamber and thus do not come into direct contact with the baking 

products. The heat is generated by single high-capacity burners (one burner for each 

oven zone) and radiant heat is supplied by the flues and radiators within the baking 

chambers. Forced air agitation systems and improved oven efficiency are a general 

feature of indirect-fired ovens. 

Semi-direct fired ovens (which are also referred to as semi-indirect fired 

ovens) closely resemble indirect-fired ovens in their use of separate combustion 

chambers and of radiator tubes for the heat transfer. In their case, however, the radiator 

tubes have either thin slots or small holes that allow the hot combustion gases to enter 

the baking chamber. These gases create convection currents whose intensity can be 

controlled by means of baffles. Thus, semi-direct fired ovens combine the advantages of 

both convection and radiant heat transfers. 

Test Promam Overview 

This section will present a general discussion of the oven types and sample 

locations from all four sites. However, specific information will only be presented for 

the Site 4 facility. 

This test program involved measuring the emissions from both direct- and 

indirect-fired ovens. Some of the indirect fired units had their heat exchanger tubes 

drilled out to promote better heating efficiency. However, maintenance records were 

incomplete and plant personnel were uncertain whether this had been completed or not. 

In some instances, maintenance personnel stated that their indirect-fired ovens had not 

been drilled out and yet high concentrations of unburned methane (> 1000 ppmv) were 
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detected in the stack gases. So a strict direct/ indirec classification was not always 

possible. 

Another important facet of the test progr was that during steady-state 

operation, the gas flow in some of the stacks would alm be completely shut off with a 

flow damper to prevent oven heat loss. The Method d 18 tests would detect fairly 

high concentrations of THC (> 1000 ppmC) while fl would be minimal (C 

100 cfm), resulting in fairly low emissions rates. mper positions were always 

verified to ensure they were the same during bot rement tests and the 

Method 25A and 18 tests. 

The majority of ovens tested had ing exhaust gases. If both 

stacks vented oven (baking) gases (i.e., direct-fired), th ere referred to as the front 

stack and the rear stack depending on their res . Front stacks were 

located near the end of the oven where the br d, and the rear stacks 

were on the opposite end. 

Indirect-fired ovens also typical th one stack exhausting 

the oven gases and the other exhausting the burner gase Gases from the burner stack 

were expected to be comprised mainly of u 

However as previously mentioned, oven maintenance r rds were sometimes incomplete 

and what was expected to be purely a burner exhaust stream, was sometimes 

comprised of significant portions of gases from the bak processes (i.e. ethanol and 

acetaldehyde). 

The majority of stacks were s th an inside diameter 

(ID) ranging from 12 to 16 inches. As sh -2, the stacks were 

typically arranged in a straight line (i.e., i of the oven). Most 

had rain caps installed over the opening t above the roof. 

All stacks were accessed from the roofs orts were located 
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from 2-6 feet above the roof line. A 1.75 inch hole in the duct walls allowed for full 

insertion of the Method 25A and 18 sample probe. Two ports were located 90” apart at 

the same elevation. The sample port that was not being used was always capped off to 

prevent any ambient air from diluting the sample stream. 

Approximately 100 to 150 feet of heated Teflon@ tubing was used to 

transport the gas sample from the stack to the mobile continuous emissions monitoring 

(CEM) vehicle that was typically parked adjacent to the bakery wall. In cases where 

there were three stacks originating from the oven, one sampling probe/heat trace system 

would be alternated from the second and third stack. 

A general description of sample locations for the Site 4 test program is 

presented according to the respective test site in the following section. 

4.3 Site 4 Samde Locations 

A large Bread oven and a small Bun oven were tested at Site 4. The 

Bread oven was tested for 3 test days. The CEM trailer had to be moved for the fourth 

and final test day in order to reach the Bun oven, 

The Bread oven was a direct-fired unit with four stacks located on the unit. 

However, one of the stacks, located longitudinally in center of the oven, was a propane 

burner stack strictly used for oven start up conditions and was not tested. The absence 

of flow and high temperature at this stack was verified on-site. The other three stacks 

were a front, rear, and a comfort hood stack. The comfort hood stack flow measurement 

location met the U.S. EPA Method 1 guidelines. A lOO-foot length of heat trace tubing 

was used on the rear stack and a 150-foot length was alternated between the front stack 

and the comfort hood stack. 
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The sampling locations used on the Bread 

Figure 4-3. The Bread oven front stack was 14-inches 

were located approximately 5-feet (4.3 diameters) downs 

(0.86 diameters) upstream from the closest flow disturba 

(7.7 diameters) upstream of the final gas exit to atmospl 

traverse points. 

lven at Site 4 are shown in 

D without a rain cap. Ports 

ream and l-feet 

ces. The ports were 9.0-feet 

xe. Flow was measured at 16 

The rear stacks on the Bread oven was 1 es ID without a rain cap. 

Ports were located approximately 5.3-feet (4.0 diamete stream and l-feet 

(0.75 diameters) upstream from the closest flow distur 

approximately lo-feet (7.5 diameters) upstream of the 1 gas exit to atmosphere. Flow 

was measured at 16 traverse points. 

The Bread oven comfort hood stack ha D without a rain cap. 

Ports were located 7-feet (3.5 diameters) downstrea 

upstream from the closest flow disturbances. Flow was easured at 16 traverse points. 

The Bun oven at Site 4 was a direct- o stacks. The front 

stack had minimal flow similar to the exhauster st un oven and had 

unusually high gas moisture levels of approximate 

because the Bun oven was operated with a small pproximately 5 psi) 

injected near the front entrance to give the buns a crisp st. All other stacks that were 

tested had gas moisture levels of approximately 5-6%~. low rates in the rear stack 

appeared to be typical of the majority of stacks tested ( roximately 1000 acfm). The 

rear stack was sampled using a lOO-foot length of heat ce while the front stack 

necessitated a 150-foot section. 

The sampling locations on the Bun 

The Bun oven front stack had a 14-inch ID with 

located 1Zfeet (lo;3 diameters) downstream and 

own in Figure 4-4. 
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the closest flow jisturb‘ances. Flow was measured at 16 traverse points. 

The Bun oven rear stack had a 16-inch ID with a rain cap. Ports were 

located ll-feet (8.25 diameters) downstream and 7-feet (5.25 diameters) upstream from 

the closest flow disturbances. Flow was measured at 16 traverse points. 
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5.0 SAMPLING AND ANALYTICAL METHO 

I 

S 

This section briefly summarizes the proced res used for sampling and 

analysis. Procedures are presented for Method 25A testi g in Section 5.1, Method 18 

procedures in Section 5.2, and Methods 1-4 procedures i Section 5.3. The detailed 

protocols can be found in the U.S. EPA reference meth 

F 

s located in the appendices. 

5.1 Method 25A Sampling and Analvsis for TFX 

Total hydrocarbon concentration was deter:mined on a continuous basis 

using the U.S. EPA Method 25A procedure. Procedures incorporate QA/QC protocols 

stipulated as “Measurement System Performance Specific ations” in the reference 

methods. The QA parameters will be reported in Section 6.0 while the QC procedures 

are fully detailed in the test plan written for this test program. 

The following discussion presents Sample Extraction Equipment and 

Procedures in Section 5.1.1, THC Analyzers and Operating Principal in Section 5.1.2, 

Data Acquisition Procedures in Section 5.1.3, Instrument Calibration in Section 5.1.4, 

and an Example Daily Operating Procedure in Section 5 I 1.5. 

5.1.1 Sample Extraction Equipment and Proced Ire 

A continuous gas sample was extracted fro:a the stack and transported to 

the analyzer through a heated Teflon@ sample line (heat trace). The gas only came into 

contact with inert materials such as stainless steel, glass, or teflon. The sample gas 

temperature was maintained above 100°C (212°F) so th;,t there was no condensation of 

moisture or hydrocarbons in the tubing. A generalized schematic of a typical extractive 

system is shown in Figure 5-l. 
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The probe was used to extract gas from the stack was constructed of a 

short length of stainless steel or teflon tubing. The gas 

head pump that was placed just upstream of the TH 

was also upstream from the analyzer, so that the gas in 

any back pressure created by the sample pump. 

extracted using a heated 

er. At-t excess flow dump 

analyzer would not be under 

In addition to one heated sample tube le gas extraction, a separate 

tube was run from the calibration gas cylinders to the be. This tube was connected to 

the system with a 3-way valve (calibration valve) at n of the probe and the 

heat trace. ‘Ibis allowed for leak checks, sample bias c cks and calibration drift checks 

to be completed, as was discussed in Section 6. These cedures required a calibration 

or QC gas be directed to the probe and back through entire sampling system. The 

difference between the resulting values and the values erved when the gas was passed 

directly to the instrument is referred to as sample bias. en the bias was above 

acceptable limits, corrective actions were implemented. 

5.1.2 WC Analyzers and Analytical Principles 

The THC analyzers used in Method 25A cedures employ a flame 

ionization detector (FID) to quantify the quantity o the flue gas enters the 

detection chamber, the hydrocarbons are cornbusted in ydrogen flame. The ions and 

electrons formed in the flame enter an electron g he gas resistance, and 

permit a flow in an electric circuit. The resulting ortional to the 

instantaneous concentration of the total hydrocarbons. ese analyzers are not selective 

between species; however, different hydrocarbon d differently in the FID. 

Straight chain hydrocarbons (alkanes), alkenes, a spend in proportion to 

the number of carbons atoms in the molecule. For exa le, 100 ppmv propane (C,H,) 

responds approximately the same as 300 ppm methane H4). When measuring THC of 

these type of compounds, there are no substantial inac ties in reporting THC as 

ppmv as methane. However, oxygenated compo anol (CH,CH,OH) and 
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acetaldehyde (CH,CHO) have a depressed response so chat what appears to be 

300 ppmv as methane may actually be 1200 ppmv ethanol. The resulting THC 

concentrations as ppmC were adjusted to ppmv ethanol or ppmv acetaldehyde based on 

the results of the Method 18 analysis. 

5.1.3 Data Acquisition 

The signal from the analyzer is typically an analog voltage response 

(i.e., O-5 volts). The meter panel on the front of the instrument usually translates the 

voltage signal to concentration units (i.e., ppmv). However for long term data 

acquisition, the voltage signals coming from the electrical output leads need to be 

translated to actual concentration data. The system used to perform this function is 

known as the data acquisition system or DAS. This process will either be accomplished - 

with the use of a strip chart recorder (SCR) or a computerized system. A SCR is the 

simplest procedure; howeverc additional man hours were needed to reduce the SCR 

trace to individual readings (i.e., l/minute). If a computerized version is used, the 

analog signal is converted to a digital signal and directed to a computer so that the signal 

was translated to concentration units and saved to magnetic media. For this test 

program, a computerized DAS was used and a SCR was used as a back-up system. 

51.4 Instrument Calibration 

Calibrations were performed by passing known concentrations of a 

hydrocarbon gas standard through the instrument and recording the associated response. 

A response factor was then calculated and used to adjust sample gas responses to 

concentration units. Typical calibration calculations were completed as shown in 

Section 7. The THC instrument was calibrated twice daily. The first calibration was 

used to determine the response factor, and the second calibration was performed after 

completing the test runs so that calibration drift can be determined and the test data 

corrected for drift (if necessary). Calibrations were completed on a two point basis: 
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zero gas (generally N,), and a high-range or “span” gas. Methane was used as the 

calibration gas, and the concentrations were reported as I pmv methane which are 

the same as ppmv Carbon (ppmC). The gas was certifiec by the manufacturer 

guaranteeing the concentration within f2% accuracy. 

Other QC operations were also performed *:o verify the accuracy of the 

data produced. These operations included calibration drift and calibration error 

determinations. Additional procedures such as linearity check, sample bias, leak checks, 

and gas stratification were also performed. These are further discussed in Section 6. 

5.1.5 Example Daily Operating Procedure 

The following is a detailed standard operatng procedure for calibrating 

and operating the CEMS: 

1. Turn on computer and printer, put printer on-line, and load the 
DAS program. Be sure that the THC instrument has been on with 
the FID flame lit for several hours. 

2. 

3. 

Synchronize watch with sample location leaders. 

Turn on strip chart recorders (SCR) and make appropriate notes on 
charts and in logbook (write down a.1 procedures and observations 
in logbook and on SCRs as the day xogresses). 

4. Open all calibration gas cylinders so that they may be introduced to 
the instruments. 

5. Perform daily pre-test leak check on CEMs as discussed in 
Section 6. If a zero gas is used for t&s procedure, zero all 
instruments at this time. Enter thes : values in the computer 
calibration routine. Be sure to chec.c and maintain all flows 
throughout calibration and operatior.. 

6. Introduce the THC span gas. 
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7. 

8. 

9. 

10. 

11. 

12. 

13. 

15. 

Make adjustments to the THC instrument as required and enter the 
value into the computer calibration routine. 

Introduce QC gases to instruments to determine calibration error. 
Record at least one minute of data for each. If the QC gas 
response is not within &5% of the calibration gas valve, the 
operator will recalibrate the instrument, or perform other corrective 
actions. 

Begin sampling routine, with the computer on standby. 

Start the data acquisition system when signaled by radio that system 
is in stack. 

Carefully check all flows and pressures during the operation of the 
instruments and watch for apparent problems in any of the 
instruments, such as unusual readings or unreasonable fluctuations. 

Stop the data acquisition system at the end of the test when 
signaled. 

Perform the final calibration (Repeat Steps 5-8) except make no 
adjustments to the system. This procedure was completed through 
the calibration valve so that gas is extracted through the entire 
system. 

Calculate calibration drift. 

5.2 

All QA/QC procedures are fully explained in Section 6. 

Method 18 for Determining Ethanol and Acetaldehvde Concentrations 

The following sections summarizes the sampling and analytical protocols 

for Method 18 testing procedures targeted for ethanol and acetaldehyde. 
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5.2.1 Sample Collection 

A slip stream of sample gas was taken off tie main heat trace line and 

directed to the GC injection loop as shown in Figure 5-2. Discrete GC injections were 

made to quantify the gas phase concentration of the two arget analytes. This was 

accomplished by first allowing the gas to vent through the injection loop. Then the 

injection valve was turned so that the sample gas in the loop is directed into the 

GC/FID. The number of sample injections in a given te: ting time frame was 

determined based on how long it takes for the target conpounds to elute from the GC 

column to the detector. This period of time is known as :he retention time (RT). If 

other compounds are contained in the gas which elute at much longer RT than the target 

species, they may interfere with the later analyses and the column may have to be 

periodically cleaned. This is done by raising the oven temperature for a period of time. 

Cleaning the column decreases the number of GC injections that can be performed 

during the run time. 

52.2 Sample Analysis 

The U.S. EPA Method 18 analysis is performed using a GC/FID to 

separate hydrocarbon species present in the exhaust gas stream. The FID employed in 

the GC works in a similar manner to that discussed in Section 51.2. By using a column 

filled with a sorbent, the various hydrocarbons in a given gas stream were separated so 

that the instantaneous concentrations measured relate to a specific hydrocarbon. Before 

sampling the source gas, the GC/FID system was calibra..ed with standard gas mixtures 

containing the hydrocarbons of interest. The calibration procedure established both 

calibration curves (response factors) and retention times For the hydrocarbons. The 

retention times were used to identify similar compounds n the source samples and the 

calibration curve was used to quantify the concentrations of the hydrocarbons. 
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To use Method 18 effectively, standards we::e prepared to include 

concentrations over the entire range expected. For etharol, a suitable collection of 

standards for bakery emissions concentrations are 0, 200, 800, 2000 and 8000 ppmv 

ethanol. If stack concentrations are higher than the highest standard, then either higher 

standards need to be prepared or purchased or the samp e needs to be diluted with a gas 

tight syringe. Levels of acetaldehyde were expected to be less than 100 ppmv, therefore, 

standards of 0, 20, and 80 ppmv acetaldehyde were used. 

The response and retention times of the individual hydrocarbons were 

recorded on a strip chart recorder. An integrator was us(:d to measure peak areas and 

compile retention times and area counts. The peaks on ‘he integrator recording were 

identified from the established retention times for each hydrocarbon of interest and the 

associated concentrations determined using the calibration curve as a reference. 

The column and conditions were as follows: 

5.3 

0 Column - 80/120 Carbopack B AW/6.6% Carbowax 20M; 

0 Carrier Gas - N,; and 

l Temperature - 30°C (isothermal). 

Determination of Volumetric Gas Flow Rates 

Determination of gas flow rate incorporate:; the designation of traverse 

points by the U.S. EPA Method 1, the measurement of average duct gas velocity by 

Method 2, the measurement of gas molecular weight by Iulethod 3, and the 

determination of gas moisture content by Method 4. The following sections discusses 

those procedures, and the U.S. EPA methods are included in the Appendices. 
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5.3.1 Method 2 Flow Rate by Pitot Tube 

Methods 2 calls for flow determination by measuring the velocity pressure 

with either an S type pitot or a standard pitot. The following discussion presents the 

principals of a Method 2 flow determination. 

The pitot tube measurements in the ducts were obtained by moving the 

pitot tube and thermocouple to each of the traverse points designated in Method 1. The 

velocity pressure and temperature readings at each of those points were recorded. A 

static duct pressure determined at a single sample point was usually sufficient. This was 

accomplished by first rotating the pitot tube perpendicular to the flow (as in the cyclonic 

flow check) until the pressure reading was zero. One leg of the tubing was then 

disconnected from the manometer and the static pressure was compared against ambient 

pressure. If the positive tube was left attached to the manometer and the reading was 

positive, then the overall static was positive. If the negative leg was left attached, and 

the reading was positive, then the static was negative. The average duct gas velocity and 

volumetric flow rate was then calculated as shown in Section 7. 

53.2 Method 3 Molecular Weight Determination 

The U.S. .EPA Method 3 describes the procedures for obtaining the 

molecular weight of gas being sampled, which was necessary for the flow calculation. 

The composite molecular weight of the gas was determined from the relative amounts of 

individual constituents of the gas stream. In most cases, these principal constituents are 

bxygen, nitrogen, and carbon dioxide. Some stack gases, however, contain a significant 

amount of volatile organic or other compounds which can be included in the calculation. 

The concentrations of 0, and CO, were determined by a Fyrite analyzer. 

The molecular weights of such compounds were multiplied by their relative 

concentrations as shown in Section 7. The products were summed to give the dry 
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molecular weight of the gas being emitted. The final wet molecular weight calculation 

required gas moisture content values. 

Method 4 Stack Gas Moisture Content 

Method 4 is the U.S. EPA method for establishing the moisture content of 

a stack gas. There are two recognized ways to obtain thi:i moisture content. The first 

measures the amount of direct condensation of gas moistxe in an impinger train. An 

alternate approximation technique used for stack gases w.th a temperature lower than 

59°C (138°F) employs a wet-bulb/dry-bulb measurement. 

Method 4 explains how a sample of the gas is drawn into impingers and _ 

condensed using an ice bath. Following the condensation. impingers is a desiccant 

impinger (filled with silica gel) which removes the remaining non-condensed moisture 

from the gas stream. At the end of the test, the volume Df the gas was measured with a 

dry gas meter and recorded; the impinger weights and silxa gel weights were also 

measured and recorded. These data were used to calcukte the percent moisture in the 

gas stream. 

It is important to perform sampling train leak checks at the start and finish 

of sampling as well as before and after a port change. The method only calls for a post- 

test leak check but completion of a pre-test leak check ir.dicates that the post-test check 

was successful as well. To leak check the assembled trail, the nozzle end was capped off 

and a vacuum was pulled in the system of 1 inch Hg high er than the highest measured 

vacuum. When the system is evacuated, the volume of gas flowing through the system 

was timed for 60 seconds. The leak rate was required tc be less than 4% of the sample 

rate or 0.02 cfm, whichever was less. After the leak rate was determined, the cap was 

slowly removed from the nozzle end until the vacuum drl>ps off, and then the pump was 

turned off. 
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If the leak rate requirement is not met, the train can be systematically 

checked by first capping the train at the filter, at the first impinger, etc., until the leak is 

located and corrected. In the event that a final leak rate is found to be above the 

minimum acceptable rate upon removal from a port, the run may be rejected. 

When the sampling train was ready for operation, the leak rates and 

sampling stop/start times were recorded on the sampling test log. Other events that 

occur during sampling, such as pitot cleaning, thermocouple malfunctions, or any other 

unusual occurrences, were recorded on the test log. 
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6.0 QUAKIY ASSURANCE/QUALITY CON 

. . 

Specific Quality Assurance/Quality Contn 

completed during the test program to ensure the produc 

throughout the course of the project. 

Section 6.1 presents a summary of the QA 

attained. The definitions of the terminology used in cot 

information is presented in Section 6.2. Section 6.3 pre: 

Method 25A tests. Section 6.4 presents the QA parame 

Section 6.5 presents a discussion of the carbon equivale: 
I 

comparison of the two methods. 

6.1 OA Summary 

The majority of reference method QA 
this test program. There were 10 days of testing using t 

system days). Method 25A daily calibration drift did na 

nineteen of the twenty system days. The Site 1, Day 1 I 

calibration drift of 3.2% and the drift was corrected by 

initial and final calibration. Method 25A calibration en 

over the course of the test program. Over 150 calibrati 

during the test program and the majority these checks n 

+5% of the gas concentration. Method 25A sample biz 

checks, were also completed. lhe majority of these QA 

limits. 

Extensive Method 18 QA/QC procedures Jere also followed. Initial and 

final calibrations were performed. Calibrations for etha .ol and acetaldehyde were all 

completed using from 3 to 5 calibration points. Multi-p int calibrations were also 
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ROL 

(QA/QC) procedures were 

ion of useful and valid data 

program and parameters 

unction with QA/QC 

mts the QA parameters for 

zrs for the Method 18 analyses. 

: correction factors as well as a 

criteria were met during 

‘0 THC monitoring systems (20 

exceed the criterion of *3% on 

Yethod 25A test data exhibited 

;suming linear drift between the 

)r was determined extensively 

n error checks were performed 

:t the Method 25A criterion of 

checks, as well as 0, leak 

parameters met the acceptance 



performed on methane for low concentrations on all of the test days (< 900 ppmC). On 

five of the test days, a single point calibration was used on higher methane values. This 

was due to the detector “overranging”. After checking the methane values determined 

from a single point calibration against a multi-point calibration curve, no substantial 

difference was found. 

Sample bias checks were also extensively conducted on the Method 18 

sampling system. The majority of checks verified acceptable non-biased sampling. 

However, some bias checks revealed sample bias caused by the loss of heat in the heated 

tubing adjacent to the GC. These data points were invalid and testing was not continued 

until the problem was remedied and a successful bias check had been completed. 

6.2 Definitions 

The overall QA/QC objective was to ensure precision, accuracy, 

completeness, comparability, and representativeness for each major measurement 

parameter called for in this test program. The terms used to define the QA/QC 

objectives are designed as follows: 

l Data Qualitv: The characteristics of a product (measurement data) 
that bear on its ability to satisfy a given purpose. These 
characteristics are defined as follows: 

Precision - A measure of mutual agreement among individual 
measurements of the same property, usually under prescribed 
similar conditions. Precision can be expressed in terms of the 
standard deviation (or the relative standard deviation). 

Accuracv - The degree of agreement of a measurement (or 
an average of measurements of the same thing), X, with an 
accepted reference or true value, T, usually expressed as the 
difference between two values, X-T, or the difference as a 
percentage of the reference or true value, 100 (X-T)/T, and 
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of the bias in a system. 

amount that was expected t 
test conditions. 

ccuracy is a measure 

t of valid data 
ystem compared with the 
obtained under prescribed 

rice with which one 

precisely represent a char 
of a parameter at a samp 
condition. 

application of procedures for obt 
performance in the monitoring a 

to which data accurately and 
c of a population, variations 
nt, or an environmental 

whose purpose is 
ple, the routine - 

g prescribed standards of 
easurement process. 

effectively. The completion of Q 
parameters that are a measure 
data. 

6.3 

6.3.1 Calibration Drift 

6.3.2 Calibration Error 

The calibration error checks are presented Table 6-2. Table 6-3 

presents on-site response THC response to ethanol QC c 
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6.4 Method iS OA Parameters 

All calibration data from the Method 18 a alyses 

1 

is included in the 

Appendices. Both an initial and final calibration were p rformed on each day. 

Excessive drift was not found during any of the test days 

6.4.1 Sample Bias 

Table 6-4 presents the Method 18 sample 
j 

ias checks for Sites 2-4. The 

Site 1 bias check results are included in the appendices. 
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7.0 DATA REDUCTION PROCEDURI 

The following section details the calculatic 

Bakeries test program. 

7.1 Emission Calculations 

The objective of the U.S. EPA Bakeries tr 

emissions of Total VOC as well as emissions of two of 1 

namely ethanol and acetaldehyde. The emission calcula 

methods. All rates are in units of Ibs/hr. 

7.1.1 VOC Emissions 

Emission rates of VOC as ethanol were cz 

average VOC as ethanol concentration by the stack gas 

Where: 

Q, = 

P, = 

T, = 

R = 
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VOGrnH = WO&yJ x Q, x 

Volumetric flow of st, 

Absolute stack Pressu 

Stack Gas Temperatu 

Universal Gas Consta 

7-1 

i 

.s used for the U.S. EPA 

t program was to determine 

e primary VOC constituents, 

ons were done using several 

xrlated by multiplying the 

ow rate as follows: 

Pa I 
rs x R x 106) 

:k gas (acf/hr) 

: (in Hg) 

: (“R) 

t (21.85 in Hg-cf/lb-mole-OR) 



7.1.2 Ethanol and Acetaldehyde Emissions 

Ethanol and acetaldehyde emissions were calculated by multiplying the 

average concentration by the stack gas flow rates. Average concentrations were 

determined as shown in Section 7.2.2 through 7.25 Emission rates were calculated as 

follows: 

E&H = [FXOH] x Q, x 

7.2 

A = [a] x Qa x 

Average VOC Concentration Calculations 

The calculations used for determining concentrations are given in the 

following section. 

7.2.1 Average VOC as Ethanol Concentration 

The average VOC as ethanol concentration (ppmV as ethanol) was 

calculated as follows: 
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where: - 

1.42 = Ethanol Carbon Equiv blent Correction Factor 
(i.e., 10 ppmv ethanol = 14 ppmC THC) 

The average non-methane hydrocarbon co centration (ppmC/wet) was 

calculated as follows: 1 
[NMHC] = 1-g t n, x :THq 

The average CH, to THC ratios (dimensio ess) were calculated as follows: 

N 1q1, Er i-1 [mcli 
ITHC] = N 

where: 

N = Number of GC injections during test period 

LCH41i = CH, concentration at ‘he time of the GC injection 
(ppmC/wet) 

[THC], = THC concentration at the time of the GC injection 
(ppmC/wet) 

The average THC concentration (ppmC/w(=t) was calculated as follows: 

k imcli 
[WC] = i-1 

n 
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where: -- 

n = Number of THC readings during the test period 

7.2.2 Average Ethanol Concentration 

The average ethanol concentration (ppmV/wet) using both the Method 18 

ethanol and Method 25A THC results was calculated as follows: 

[ETOH],, = 1 1 yg x [THC] 

follows: 

The average ethanol-to-THC ratios (ppmV/ppmC) were calculated as 

[ET,] = @EZ:) 
THC N 

where: 

[ETOH], = Ethanol Concentration from GC analysis (ppmv/wet) 

N = Number of GC injections 

72.3 Average Ethanol Concentration By GC Only 

The average ethanol concentrations (ppmV/wet) determined from the 

Method 18 analyses were calculated as follows: 

7-4 



5 [ET01 
[ETOH], = i-1 N 

7.2.4 Acetaldehyde Concentration By GC and T 

The average acetaldehyde concentration (I 

both the Method 18 acetaldehyde and Method 25A TH( 

follows: 

The average acetaldehyde to THC ratios ( pmV/ppmC) were calculated as 

follows: 

-. N VW, 

PI L c 
i=l rTHCl -= 

THC N 

7.2.5 Average Acetaldehyde Concentration By G Z Only 

The average acetaldehyde concentration (1 
I 

Method 18 analyses was calculated as follows: 

Ii 

[C 

)mV/wet) determined using 

results was calculated as 

X] 

?mV/wet) determined from the 



i 
[=loc = i-’ N 

7GL6 Comparison Of GC And THC Results 

The comparison of the corrected sum of ethanol, acetaldehyde, and 

methane Method 18 concentrations to the THC concentration was determined as follows: 

N GC, c 
i-1 THci 

x loo 
N 

where: 

THCi = THC concentrations determined from the Method 25A 
monitor at the same time as the GC injection (ppmC). 

Gc, = II~OHli IAAli 
1.42 

+ - + [cH,li 
1.23 

where: 

[ETOH], = Ethanol concentration determined from a single GC 
analysis (ppmv/wet) 

tAAli = Acetaldehyde concentration determined from a single 
GC analysis (ppmv/wet) 

LCH41i = Methane concentration determined from a single GC 
analysis (ppmv/wet) 
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7.3 Method 25A Calculations 

This section briefly summarizes calculatiom used for the Method 25A 

analysis. The computer controlled data acquisition system scanned each channel 

approximately 1800 times per minute and stored periodic averages on disk and hard 

copy. The averaging computer period varied throughout the test program ranging from 

10 seconds to 1 minute. Pre-test calibration, post-test caibration drift checks, and 

calibration error checks were saved on disk. Instrument drift was evaluated after the 

post-test calibration with an acceptable criterion of +3. The computer DAS reported 

THC concentrations calculated as follows: 

where: 

C sample 

RSpsampk 

Gp=o 

RFAC 

where: 

SPAN 

ZERO 

c-M = RSPqh x WAC .- Cwao 

= Observed concentration of sample gas (ppmv or %v, 
dry) 

= Observed instrument sample voltage response (volts) 

= Calculated concentration corresponding to an 
instrument response o! 0 volts ( Y intercept) 

= Calibration response factor (slope) 

RFAC = 

= Concentration of high (span) calibration gas (ppmv) 

= Concentration of low (zero) calibration gas (ppmv) 
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RSP,,,, = Observed instrument voltage response to the span 
calibration gas (volts) 

RSP,,, = Observed instrument voltage response to the zero 
calibration gas (volts) 

Span and zero calibration drifts are calculated as follows: 

Drift = (CF - cs x r()() 
FULL RANGE 

where: 

Drift = 

Full Range = 

c, = 

c, = 

Span calibration drift (% of Scale) 

Full Range of the Instrument (i.e. O-500 ppmv) 

Observed concentration predicted by the final 
calibration - (ppmv) 

Observed concentration predicted by the initial 
calibration (ppmv) 

Average concentrations of THC were calculated for the test duration of interest. 

7.3.1 Method 18 Data Reduction 

The concentration of ethanol, acetaldehyde, methane and ethane in the 

stack gas was determined directly as parts per million by volume (ppmv) on a wet basis. 

An electronic integrator would convert the GC electrical peak signals to a peak area 

value. A linear regression was completed using calibration gas concentration versus peak 

area response. Sample responses (peak areas) were then used in the calibration 

regression to determine the respective concentration. 
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7.3.2 

weight are 

Manual Gas SamDline Methods 

Calculations for determining flow 

described in Figures 7-1 and 7-2. 
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rate, content, and gas molecular 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































